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Poninvasive Visualization of the Cardiac Venous
ystem Using Multislice Computed Tomography
onique R. M. Jongbloed, MD,* Hildo J. Lamb, MD, PHD,† Jeroen J. Bax, MD, PHD,*
oanne D. Schuijf, MSC,* Albert de Roos, MD, PHD,† Ernst E. van der Wall, MD, PHD,*
artin J. Schalij, MD, PHD*
eiden, The Netherlands
OBJECTIVES We sought to evaluate the value of multislice computed tomography (MSCT) to depict the
cardiac venous anatomy.
BACKGROUND During cardiac resynchronisation therapy (CRT), left ventricular (LV) pacing is established
by a pacemaker lead in a tributary of the coronary sinus (CS). Knowledge of the CS anatomy
and variations may facilitate the implantation of LV leads.
METHODS The MSCT scans of 38 patients (34 men; age 60  12 years) were studied. Anatomical
variants were divided in three groups, dependent on the continuity of the cardiac venous
system at the crux cordis. The CS ostium and distances between the main tributaries were
measured.
RESULTS The most frequently observed variant had a separate insertion of the CS and the small cardiac
vein in the right atrium (24 patients [63%]). In 11 patients (29%), there was continuity of the
anterior and posterior venous system at the crux cordis. In three patients (8%), the posterior
interventricular vein (PIV) did not connect to the CS. The mean distance from the PIV to
the posterior vein of the left ventricle (PVLV) was 42.4  18.1 mm, from the PVLV to the
left marginal vein (LMV) 39.9  15.6 mm, and from the LMV to the anterior interven-
tricular vein 45.4  15.3 mm. The diameter of the CS ostium was 12.6  3.6 mm in
anteroposterior and 15.5  4.5 mm in the superoinferior direction (p  0.01).
CONCLUSIONS The anatomy of the CS and its tributaries can be evaluated using MSCT. As substantial
variation in anatomy was observed, pre-implantation knowledge of the venous anatomy may
help to decide whether transvenous LV lead placement for CRT is feasible. (J Am Coll
ublished by Elsevier Inc. doi:10.1016/j.jacc.2004.11.035Cardiol 2005;45:749–53) © 2005 by the American College of Cardiology Foundation
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in cardiac resynchronization therapy (CRT), left ventricular
LV) pacing is achieved by positioning the LV lead in one
f the tributaries of the coronary sinus (CS). Although the
uccess rate for transvenous LV lead placement is relatively
igh (88% to 95% in large clinical trials), in 5% to 12% of
atients, the procedure does not succeed (1), and these
umbers may be higher in inexperienced centers. Failure of
V lead placement has been attributed to the inability to
nsert catheters in the CS and the lack of suitable side
ranches (1,2). Knowledge of the cardiac venous anatomy
efore these procedures may facilitate LV lead positioning.
n addition, it has been demonstrated that the success of
RT is related to the ability to improve ventricular function
y lowering the degree of dyssynchrony (1). However, the
ptimal pacing site with respect to dyssynchrony improve-
ent (site of latest activation within the LV) may not always
ave a suitable vein. In this case, a surgical approach may be
referred (2,3).
Multislice computed tomography (MSCT) has become
n important tool for noninvasive evaluation of cardiovas-
ular structures (4). However, no data are currently available
n the use of MSCT to visualize the coronary venous
natomy. The aim of this study was to evaluate the
From the Departments of *Cardiology and †Radiology, Leiden University Medicalp
enter, Leiden, The Netherlands.
Manuscript received September 20, 2004, accepted October 26, 2004.easibility of MSCT to depict the venous drainage system of
he heart: the CS and its tributaries.
ETHODS
tudy population. The anatomy of the cardiac venous
ystem was studied in 38 patients (34 men; age 60  12
ears) in whom MSCT scanning was performed for nonin-
asive evaluation of coronary artery disease (n  18),
valuation of the pulmonary veins before radiofrequency
atheter ablation of atrial fibrillation (n  10), and in 10
atients with severe heart failure (mean LV ejection fraction
9  5%) and who are considered for CRT. Three patients
ad a pacemaker.
SCT. This imaging method was performed with a 16-
lice Toshiba Multislice Aquilion 0.5 system (Toshiba
edical Systems, Otawara, Japan). Nonionic contrast ma-
erial (Xenetix 300, Guerbet, Aulnay S. Bois, France) was
sed. Scanning was performed using simultaneous acquisi-
ion of 16 sections with a collimated slice thickness of 0.5
m. The helical pitch was 4 mm/0.5 s, rotation time was
00 to 600 ms, and tube voltage was 120 kV at 250 mA. A
egmental reconstruction algorithm allowed inclusion of
atients with a range of heart rates without the need for
re-oxygenation or beta-blocking agents. Retrospective
lectrocardiographic (ECG) gating was performed to elim-
nate cardiac motion artefacts. Data reconstruction was
erformed on a Vitrea post-processing workstation (Vital
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CT Imaging of the Cardiac Venous System March 1, 2005:749–53mages, Plymouth, Minnesota). The scans were evaluated in
onsensus by two observers.
natomic observations. The anatomy of the CS and its
ributaries was studied in relation to the crux cordis. The
ributaries of the cardiac venous system (Fig. 1A) were
dentified on volume-rendered reconstructions. Thereafter,
he course of the veins was evaluated in three orthogonal
lanes and using multiplanar reformatting. Each patient was
esignated to one of three groups of variable anatomy
modified after Von Ludinghausen) (Fig. 1B) (5), as fol-
ows: Variant 1—continuity of the cardiac veins at the crux
ordis. The small cardiac vein connects to the CS at the crux
ordis; variant 2—small cardiac veins and/or anterior cardiac
eins enter the right atrium (RA) independently from the
S. The posterior interventricular vein (PIV) connects to
he CS at the crux cordis; variant 3—disconnection between
he CS and PIV. The PIV is connected to the small cardiac
ein or enters the RA independently.
uantitative data. The ostium of the CS was defined as
he site where the CS makes an angle with the RA.
ultiplanar reformatting was used to determine the size of
he ostium in two directions (Fig. 1C). The distance
etween the ventricular tributaries was measured on
olume-rendered reconstructions (Fig. 1D).
tatistical analysis. Continuous data are expressed as mean
alues and corresponding standard deviations. Dichotomous
ata are expressed as numbers and percentages. The paired
tudent t test was used to evaluate differences in diameters
f the ostium of the CS in anteroposterior and superoinfe-
ior direction. A value p  0.05 was considered significant.
ESULTS
natomic observations. The cardiac venous system was
isualized in all patients. Although the CS and PIV were
bserved in all patients, the posterior vein of the LV
PVLV) and the left marginal vein (LMV) were observed in
6 (95%) and 23 (61%) patients, respectively. A small
ardiac vein was present in 17 patients (45%).
ariants in anatomy. Continuity of the CS with the small
ardiac vein was observed in 11 patients (29%) (variant 1).
n 21 patients (55%), the small cardiac vein was not found.
n 24 patients (63%), the PIV connected to the crux cordis
Abbreviations and Acronyms
CS  coronary sinus
CRT  cardiac resynchronization therapy
LMV  left marginal vein
LV  left ventricle
MSCT multislice computed tomography
PIV  posterior interventricular vein
PVLV  posterior vein of the left ventricle
RA  right atriumvariant 2), and in 3 patients (8%), the PIV was not (onnected to the CS at the crux cordis, but entered the RA
eparately (variant 3). Examples of anatomic variations are
emonstrated in Figure 2. The vein of Marshall was
istinguished in 13 patients (34%). Anatomical observations
re summarized in Table 1.
uantitative data. Interindividual variation was observed
n the distances between the main tributaries draining the
V. No significant differences were observed in patients
ith as compared with patients without heart failure. In
our patients, the distance between the PIV and PVLV was
2 cm. Two of these patients also lacked the presence of
MV. The mean diameter of the LMV was quite small,
ith an average of only 3.9  1.9 mm. The diameter of the
MV was significantly larger in patients with as compared
ith those without heart failure.
The mean diameter of the ostium of the CS in the
nteroposterior direction was 12.6  3.6 mm. In the
uperoinferior direction, the diameter of the ostium was
ignificantly larger (15.5  4.5 mm, p  0.01), indicating
n asymmetrical shape of the ostium, with the long axis in
he superoinferior direction.
There were no significant differences in diameters of the
stia in patients with as compared with those without heart
ailure (p  0.05). Quantitative data are summarized in
able 2.
ISCUSSION
he results of this study demonstrate an interindividual
ariation of the cardiac venous system in: 1) insertion and
ontinuity of the main tributaries; 2) the number of antero/
osterolateral tributaries; and 3) the distance between the
ain tributaries. To date, only few anatomic reports provide
detailed description of the cardiac venous anatomy (5).
ur study is the first to describe variations in cardiac venous
natomy using MSCT.
Not only the lack of suitable side branches but also
bstruction and ostial narrowing (e.g., by a thebesian valve)
ay complicate LV lead implantation (1,2,6). In the current
tudy, a left marginal vein was not observed in 15 patients
able 1. Anatomic Observations
No HF
(n  28)
HF
(n  10)
oronary sinus 28 (100%) 10 (100%)
mall cardiac vein 13 (46%) 4 (40%)
osterior interventricular vein 28 (100%) 10 (100%)
osterior vein of left ventricle 27 (86%) 9 (90%)
eft marginal vein 16 (57%) 7 (70%)
ein of Marshall 10 (36%) 3 (30%)
osterior branches 9 (32%) 4 (40%)
ariant 1 8 (29%) 3 (30%)
ariant 2 18 (64%) 6 (60%)
ariant 3 2 (8%) 1 (10%)
F  heart failure.39%). In two of these patients, the PVLV already branched
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March 1, 2005:749–53 CT Imaging of the Cardiac Venous Systemigure 1. The cardiac venous system. (A) The border of the coronary sinus (CS) is marked by the vein of Marshall (VM). The CS continues in the great
ardiac vein (GCV), which continues anteriorly in the anterior interventricular vein (AIV). As seen from the right atrium (RA), the first tributary of the
S is the posterior interventricular vein (PIV). The next tributaries are the posterior vein of the left ventricle (PVLV) and left marginal vein (LMV). (B)
eft  variant 1; middle  variant 2; right  variant 3. See text for explanation. (C) Left  the CS ostium measured in the anteroposterior direction;
ransverse plane; right  the CS ostium in superoinferior direction; coronal plane. (D) Measurement of the distances between the different tributaries of
he cardiac venous drainage system. Ant  anterior; AP  pulmonary artery; Ao  aorta; LA  left atrium; LV  left ventricle; RV  right ventricle.
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CT Imaging of the Cardiac Venous System March 1, 2005:749–53ithin 2 cm from the crux cordis without additional side
ranches. The small cardiac vein was observed in 45%,
igure 2. (A) Variant 1. Left  volume-rendered reconstruction. The CS,
lower yellow arrow) runs in close association with the right coronary arter
purple arrow) on the transverse plane. (B) Variant 2. The CS enters the R
IV, and PVLV are confluent and form a large common ostium (arrow).
ndependently, as is also demonstrated on the transversal orthogonal plane
ein (RMV); the yellow arrow indicates the CS. (D) This MSCT scan is
ather large, more distal from the ostium, the CS narrows, as demonstrated
eformatting (right panel). Abbreviations as in Figure 1.lightly more than described by Von Ludinghausen (5). In aarticular, the identification of patients who lack the pres-
nce of posterolateral branches with a sufficient diameter to
and small cardiac vein (SCV) are continuous at the crux cordis. The SCV
A) (purple arrow). Right  the CS and SCV (yellow arrows) and RCA
dependently from the anterior cardiac veins. Right  the ostia of the CS,
ariant 3. Left  the PIV is not connected to the CS, but enters the RA
e right panel. The purple arrows indicate the PIV and a right marginal
atient who, besides the PIV, lacks CS tributaries. Although the ostium is
volume-rendered reconstruction (left panel) and on a curved multiplanarPIV,
y (RC
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March 1, 2005:749–53 CT Imaging of the Cardiac Venous Systemmplications for clinical practice. The variation in drain-
ge patterns observed in the current study largely agrees
ith the results of anatomic studies (5). Observations
rom the current study also reveal a large variation in
istances between the different side branches of the
ardiac drainage system (Table 2). The finding that the
S ostium is ovally shaped agrees with observations in
ther cardiac veins (7).
The vein of Marshall can be used to mark the border
etween the CS and great cardiac vein (5). At this site, the
alve of Vieussens is often present, which is an important
ause of problems advancing the catheter into cardiac veins
8). In the current study, the vein of Marshall was observed
n only 13 patients (34%). This finding is not surprising, as
his structure is often obliterated by fibrosis.
linical implications. The MSCT may be used to identify
omplex patients who do not have additional side branches
n the MSCT scan, and therefore may benefit more from an
picardial lead placement using a minimal invasive surgical
pproach. In addition, the site of latest LV activation, where
he LV lead should ideally be positioned, can be evaluated
or the presence of suitable venous anatomy preceding pace-
aker implantation. Based on these findings, the clinician can
ecide beforehand whether a transvenous or minimally invasive
pproach for LV lead positioning is preferred.
Table 2. Quantative Data
Ostium CS, anteroposterior (mm) 11
Ostium CS, superoinferior (mm) 14
LMV diameter (mm) 2
PIV–PVLV distance (mm) 44.6  17.4
PVLV–LMV distance (mm) 37.7  14.6
PVLV–AIV distance (mm) 77.6  18.3
LMV–AIV distance (mm) 44.9  16.4
*p  0.01 as compared with the diameter in the anteroposte
Data are presented as the mean value  SD.
AIV  anterior interventricular vein; CS  coronary sinu
interventricular vein; PVLV  posterior vein of the left veneprint requests and correspondence: Dr. Jeroen J. Bax, Depart-
ent of Cardiology, Albinusdreef 2, 2333 ZA Leiden, P.O. Box
600, 2300 RC Leiden, The Netherlands. E-mail: jbax@
noware.nl.
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